Introduction
Calosoma sycophanta L. (Coleoptera: Carabidae) is a voracious predatory beetle that feeds on several important lepidopteran pests. It was first released in 1905 in New England (Burgess, 1911) . In the early 1900s, this beetle was successfully introduced into the United States from Europe to control the gypsy moth (Howard and Fiske, 1911; Burgess, 1915) . C. sycophanta is an effective predator of the gypsy moth; adult beetles actively hunt gypsy moth caterpillars, often climbing trees to capture their prey. It is estimated that one pair of C. sycophanta can consume several hundred lepidopterous larvae (Ferrero, 1985) . Because of these properties, the beetle has been tested or used for the biological control of some important lepidopteran pests such as the gypsy moth (Lymantria dispar L.) (Ferrero, 1985; Weseloh, 1985 Weseloh, , 1990 Weseloh et al., 1995; Evans, 2009) , the brown-tail moth (Euproctis chrysorrhoea L.) (Evans, 2009) , and the pine processionary moths Thaumetopoea processionea L. (Ferrero, 1985) and Thaumetopoea pityocampa (Den. & Schiff.) (and/ or Thaumetopoea wilkinsoni Tams) (Kanat and Özpolat, 2006) .
C. sycophanta is found in Northern Africa and throughout Europe, Scandinavia, Asia Minor, Iran, and Central Asia up to Western Siberia (http://www.calosomas. com/Calosoma/cal_sycophanta.html). C. sycophanta is considered a very effective agent for biological control of several important lepidopteran pests, and it is produced at great expense. Therefore, any infection by pathogenic organisms in C. sycophanta is undesirable. In the present study, we investigated the health of beetles in Turkish rearing laboratories and recorded a new microsporidium infection in C. sycophanta samples.
Materials and methods
From thirteen rearing laboratories in Turkey, 955 dead and living adult specimens of C. sycophanta were procured. To find infected individuals, the beetles were dissected in Ringer's solution and examined under a light microscope at magnifications of 400-1000×. Microsporidian spores were measured, stained with Giemsa solution (after prefixation with methanol), and photographed using a microscope equipped with a digital camera and software soft-imaging system. The ultrastructure of the pathogen was studied with a Zeiss EM 208 transmission electron microscope using standard preparation techniques, as previously described (Yaman and Radek, 2003) .
Results
For the first time in Turkey, a microsporidian pathogen was found in C. sycophanta adults from four of thirteen sampled rearing laboratories: Demirci (Manisa), Selçuk (İzmir), Burhaniye (Balıkesir), and Antalya. In total, 19 of the 955 examined beetles were infected by the pathogen. The infection rate reached 20% in some laboratories. The infection site was the hemolymph (blood cells) of the host. Spores are oval and quite small (Figures 1,2) , and unfixed spores measured 3.04 ± 0.47 (2.08-3.98) µm (n = 24) in length and 1.71 ± 0.22 (1.15-2.22) µm (n = 34) in width ( Figure 1 ). Spores are monokaryotic (Figures 3-5 ). The spore wall is 100 to 110 nm thick and consists of two layers: an electron-dense exospore (30-35 nm) and an electron-lucent endospore (70-80 nm). The polaroplast is the lamellated type with thin lamellae anteriorly and thick lamellae posteriorly (Figures 4, 6, and 7) . A polar sac with an anchoring disc of the polar filament was seen at the anterior pole of the spore (Figures 4, 6 , and 7). The polar filament is isofilar, measures 70 to 95 nm in diameter, and has 8 coils ( Figure 8 ). Unfortunately, we could not observe the vegetative merogonial and sporogonial stages of the microsporidian due to the inclusion of dead hosts and synchronic infection. The light and ultrastructural studies showed that spores were not produced in sporophorous vesicles (pansporoblasts); all mature spores were found as single cells.
Discussion
The pathogen found in C. sycophanta is a microsporidian. Spore ultrastructure confirms that the pathogen has the typical characteristics of microsporidia such as a polar filament with an anchoring disc, a polaroplast, a posterior vacuole, and a lack of mitochondria ( Figures  3-8) (Larsson, 1986 (Larsson, , 1999 Canning and Vavra, 2000) .
The microsporidium presented here is the first pathogen ever recorded from C. sycophanta. It was tentatively classified as Microsporidium sp., since it is a distinct, yet undescribed, species that cannot be identified on the genus level because the merogonial and sporogonial stages of the life cycle could not be studied. Further studies will be directed towards resolving the taxonomic status of the new microsporidian.
Predator insects kill and feed on prey during their lifetimes. Healthy and effective predators are always desirable (Yaman et al., 2012) . There is a trend towards searching for pathogenic organisms in predator populations due to the potential for pathogen transmission from prey to predator or a natural infection in the predator. Yaman and Radek (2005) recorded the pathogenic alga Helicosporidium sp. from the European bark beetle [Dendroctonus micans (Coleoptera: Curculionidae)] and showed its transmission to Rhizophagus grandis (Coleoptera: Rhizophagidae), the specific predator of D. micans (Yaman and Radek, 2007) . The mode of transmission of Helicosporidium sp. differs in detail from the transmission of microsporidia. One of the reasons for Helicosporidium transmission from prey to predator is that this pathogen has a very large host spectrum (Weiser, 1970; Kellen and Lindegren, 1973; Sayre and Clark, 1978; Bläske and Boucias, 2004; Yaman and Radek, 2005) . Such transmission does not seem possible for the microsporidian presented here for several reasons. First, most microsporidia are known as host specific, usually infecting only one or a few closely related host species. The host is the first taxonomic character in microsporidia taxonomy (Sprague et al., 1992) . Second, the infected C. sycophanta samples studied here were collected from rearing laboratories in which the beetles are only fed on larvae of the pathogen-free lepidopteran pest, T. pityocampa. To date, there has been no known microsporidian infecting this pest or its predator. Third, several species of beneficial insects that are collected from fields or reared in insectaries for biological pest control can be infected by microsporidia. Bjørnson and Oi (2014) updated the list of microsporidia naturally infecting predator insects. Unfortunately, the list does not include all microsporidia that have been reported to infect predator insects. Recently, Yaman et al. (2010) found a new microsporidian pathogen in R. grandis, an effective predator of D. micans. Furthermore, there are several microsporidia infecting bark beetles, but none of them could be found in its predator (Wegensteiner, 2004; Takov et al., 2010) . We therefore conclude that C. sycophanta is the original host for the Microsporidium sp. discovered.
There are several studies showing that the beetle C. sycophanta may be a useful natural control agent against lepidopteran species (Weseloh et al., 1995; Kanat and Mol, 2008; Evans, 2009; Ceylan et al., 2012) . When compared with chemical insecticides, predator insects are effective alternative biological control agents that are safe for humans and other vertebrates. Currently this beetle is mass produced in 35 rearing laboratories and released for biological control of T. pityocampa in different regions of Turkey (Ceylan et al., 2012) . A considerable amount of money has been spent for this work. Therefore, it is always desirable to rear beetles that are healthy and have high foraging proficiency and fecundity. However, microsporidia cause chronic diseases in predators that are reared in laboratories for biological control and reduce their foraging proficiency and fecundity (Yaman et al., 2010; Bjørnson and Oi, 2014) . Furthermore, microsporidia were shown to prolong larval and pupal development and reduce fecundity and survival of adult predator beetles (Bjørnson and Keddie, 1999; Joudrey and Bjørnson, 2007; Bjørnson and Oi, 2014) . Rearing laboratories cannot provide conditions identical to those in nature for the predatory beetles. Host insects under stress, as in mass-rearing laboratories, are more susceptible to microsporidian infections (Kluge and Caldwell, 1992) . It is also possible, however, that under stressful conditions latent infections in insects may turn into acute, severe infections. Therefore, finding a method for control of microsporidian pathogens in C. sycophanta rearing laboratories is of great importance for the production of effective and healthy beetles. We suggest that all C. sycophanta rearing laboratories be monitored for microsporidian pathogens in order to obtain noninfected colonies.
